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Abstract 
Nanofluid is a new class of heat transfer fluids containing nano-sized particles, fibers, or tubes that are stably 
suspended in a carrier liquid. In this article, carbon black nanofluids were prepared by dispersing the pre-treated 
carbon black powder into ethylene glycol. The thermal conductivities, rheological behaviors and photo-thermal 
properties of the nanofluids were investigated. The results showed that the thermal conductivities of carbon black 
nanofluids increased with particle loading and temperature. The nanofluids performed a shear thinning behavior. The 
shear viscosity increased with particle loading while decreased with temperature at the same shear rate. Carbon black 
nanofluids had good absorption ability of solar energy and could effectively enhance the solar absorption efficiency. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of MRS-Taiwan 
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1. Introduction 
The concept of nanofluid was proposed by Choi in 1995 [1]. It is a new class of heat transfer fluids 
containing stably suspended nano-sized particles, fibers, or tubes in the conventional heat transfer fluids 
such as water, ethylene glycol, engine oil, etc. [1-4]. For the past decade, more and more attention has 
been paid to this novel heat transfer fluids because of the thermal properties and the potential applications 
associated with heat transfer, mass transfer, wetting, and spreading [1-7]. It is expected that nanofluid will 
be the next generation of heat transfer fluids and would have significant impacts on many important fields, 
such as micro-electronics, aerospace, transportation, medicine, and solar energy utilization, etc. [8, 9]. 
Thermal conductivity is an important parameter for heat transfer fluids. Viscosity and rheological 
behaviors are essential parameters for nanofluids stability and flow behaviors and hence affect the 
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industrial applications of nanofluids technology. Great efforts have been made to these properties research. 
However, there also exist wide discrepancies and inconsistencies in these properties. For example, some 
researchers reported the thermal conductivity of nanofluids increased surprisingly with a small increase of 
temperature [10, 11]. While some observed a slightly decrease in the thermal conductivity with increasing 
temperature [12]. Some found that the thermal conductivity enhancement were independent of 
temperature [13]. Some researchers reported that nanofluids were non-Newtonian fluids [14-17], while 
others observed obvious Newtonian behavior [18-21]. Therefore, more experimental studies are essential 
to address these issues. Nanofluids have been applied for solar energy absorption in direct solar collectors 
recently [22-25]. Photo-thermal property is very important to the assessment of solar energy absorption of 
nanofluids, because it directly reflects the solar absorption ability of nanofluids. And some researchers 
have reported that nanofluids could effectively improve the solar energy utilization [9, 26, 27]. However, 
there is few research committed to the photo-thermal properties [22, 27], which are also critical to the 
solar absorption research. Therefore, more studies are essential to the photo-thermal properties research. 
Carbon black has very good absorption in the whole wavelength range of sunlight [27]. Carbon black 
nanofluids seem to have high potentials in the application of solar energy utilization. However, there are 
only a few researches on carbon black nanofluids [28-31]. And these studies are mainly concerned about 
tribological properties, dispersion stability and viscosity. 
In this article, carbon black nanofluids were prepared by dispersing the pre-treated carbon black 
powder into ethylene glycol. The size and morphology of the nanoparticles were explored. The thermal 
conductivities, rheological behaviors and photo-thermal properties of the nanofluids were also 
investigated. 
2. Experimental section 
Commercial carbon black powder (N115) was supplied by Qingdao Degussa Company. To obtain 
stable nanofluids, original carbon black powder was pre-treated as follows: 20 g original carbon black 
powder and 100 mL ethanol were added into a breaker and dispersed for 30 min under ultrasonic 
treatment. Then the mixture was filtrated. Repeating the procedure four times, a wet carbon black 
precipitate was obtained. The wet precipitate was dried at 100 oC to obtain dry powder. The dry powder 
and 100 mL ethylene glycol were mixed and ground for 6 h with a ball mill at a speed of 200 r/min. Then 
the mixture was filtrated and dried at 200 oC and pre-treated carbon black powder was obtained. Carbon 
black ethylene glycol based nanofluids were prepared by dispersing pre-treated carbon black powder and 
1.5wt% polyvinylpyrrolidone- K30 (PVP-K30) into ethylene glycol. Carbon black nanofluids of different 
particle volume fractions could be obtained by adjusting the amount of carbon black powder and ethylene 
glycol. 
The transmission electron microscopy (TEM) images were captured on a JEM-2000EX instrument 
with an acceleration voltage of 160kV. Particle size distributions of the nanoparticles in nanofluids were 
measured with a Zetasizer 3000HS (Malvern, UK) particle size analyzer based on dynamic light 
scattering technology. The thermal conductivity was measured on a KD2 Pro Thermal Property Analyzer 
(Decagon Inc.) using a single-needle sensor for heating and monitoring of the temperature, which is based 
on the transient hot wire method. The rheological behaviors of the carbon black nanofluids were 
investigated on a controlled stress viscometer (Physica MCR301, Anton Paar) with a cylindrical rotor. 
The photo-thermal properties were investigated with a laboratory self-assembly photo-thermal properties 
test equipment [32]. Carbon black nanofluids were sealed in quartz tubes (d=26 mm, h=150 mm). The 
experiment was directly carried out in the sun. Temperatures of the nanofluids were measured and 
recorded real-time with thermocouples inserting in the nanofluids. 
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3. Results and discussion 
3.1. Characterization of typical sample 
Figure 1a shows the TEM image of carbon black nanofluids. The primary particles are about 20 nm 
and aggregate to short clusters. Figure 1b shows the size distributions of carbon black nanofluids. The 
particle size is about 88.5 nm to 147.5 nm and has an average size of 122.5 nm. The larger particle size is 
due to the nanoparticle agglomeration and hydrodynamic diameter measured by the Malvern particle size 
analyzer [21]. 
Fig. 1. TEM (a) and size distribution (b) curve of the carbon black nanoparticles. 
3.2. Thermal conductivity of carbon black nanofluids 
Figure 2 shows the thermal conductivity of nanofluids at different carbon black concentrations. It can 
be seen that the thermal conductivity of nanofluids increases linearly with the increasing carbon black 
volume fraction at the same temperature ranging from 15 oC to 55 oC. This is in good agreement with 
some reported research [33, 34]. The effective medium (solid particles) increases with the increasing 
volume fraction. Therefore, the thermal conductivity increases as the carbon black volume fraction 
increases.  
Fig. 2. Thermal conductivity of nanofluids as a function of carbon black volume fraction. 
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Fig. 3. Thermal conductivity (a) and thermal conductivity ratio (b) of carbon black nanofluids as a function of temperature. 
Figure 3a shows the thermal conductivity of carbon black nanofluids at different temperatures. It is 
clear that the thermal conductivity increases with the increasing temperature at the same concentration 
ranging from 2.2 vol% to 7.8 vol%. These results are similar to some reported research [10, 11]. Figure 
3b shows the thermal conductivity ratio of carbon black nanofluids, defined as k/k0, where k and k0 are 
the thermal conductivities of the nanofluids and the base media (EG) respectively, as a function of the 
temperature. When the temperature increases, the thermal conductivity ratios are almost constant. It can 
be seen that the temperature have no great influence on the thermal conductivity enhancement. In fact, the 
thermal conductivity increases with the increasing temperature reflects the physical property of base fluid, 
not nanofluids. These agree with the results of Timofeeva’s, Chen’s and Yu’s research [35-38].  
3.3. Rheological behaviors of carbon black nanofluids  
Figure 4a shows the rheological behaviors of nanofluids for different carbon black volume fractions at 
16.70 oC. The shear rate ranges from 6 s-1 to 120 s-1. It can be observed clearly that the carbon black 
nanofluids exhibit a shear thinning behavior and the extent of the shear thinning behavior increases with 
the carbon black concentration. The shear viscosity also increases with the increasing carbon black 
volume fraction at the same shear rate. These are in good agreement with the results of Kwak et al. for 
CuO/EG nanofluids [14], Kulkarni et al. for aqueous CuO nanofluids [16] and Tamjid et al. for Ag/ 
diethylene glycol nanofluids [39]. 
Fig. 4. Rheological behaviors of carbon black nanofluids of different concentrations at 16.70 oC (a) and rheological behaviors of 
carbon black nanofluids (5.6 vol.%) at different temperatures. 
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Rheological behaviors of 5.6 vol % carbon black nanofluids at different temperatures are shown in 
Figure 4b. The temperature ranges from 15 oC to 50 oC. The nanofluids at other carbon black volume 
fractions have the similar rheological behaviors. A shear thinning behavior can be observed obviously. 
And the shear viscosity decreases as the temperature increases at the same shear rate. The result is 
consistent with the results of Kulkarni et al. for aqueous CuO nanofluids (278 K to 323 K) [16]. 
As the temperature increases, Brownian motion of nanoparticles enhances and the interaction between 
nanoparticles weakens. Therefore, carbon black nanofluids perform small viscosity at high temperatures. 
This is helpful to improve the heat transfer efficiency of nanofluids. 
3.4. Photo-thermal properties of carbon black nanofluids 
Figure 5 shows the temperatures of carbon black nanofluids and the base fluid EG as a function of the 
solar irradiation time. It can be obviously observed that the temperatures of nanofluids increase more 
quickly than that of EG. And nanofluids of high concentration exhibit high temperatures. For example, 
within 42 min, the temperature of 0.50 vol.% nanofluids increases from 25 oC to 44 oC, the temperature of 
0.28 vol.% nanofluids increases from 25 oC to 41.7 oC, while the temperature of the base fluid EG 
increases from 24.8 oC to 36.8 oC. This indicates that the carbon black nanofluids have good solar 
absorption ability, and the ability enhances as the volume fraction increases, even if the volume fraction is 
very low. This might be due to the good absorption in the whole wavelength range of sunlight of carbon 
black nanoparticles. As a result, the carbon black nanofluids have high potentials for the application of 
solar energy utilization. 
Fig. 5. Photo-thermal properties of carbon black nanofluids. 
4. Conclusions  
Carbon black nanofluids were prepared by dispersing the pre-treated carbon black powder into 
ethylene glycol. The thermal conductivities of carbon black nanofluids increased with the volume fraction 
and temperature. The nanofluids performed a shear thinning behavior. The shear viscosity increased with 
the increasing carbon black volume fraction and decreased as the temperature increased at the same shear 
rate. Carbon black nanofluids of low volume fraction had good absorption ability of solar energy and 
could effectively enhance the solar absorption efficiency. The solar absorption ability enhanced with the 
increase of carbon black volume fraction. 
.
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